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Abstract
The chemical and optical properties of colored dissolved organic matter (CDOM)
have been the subject of numerous studies.

However, this material has not been

characterized to the point at which it can be identified by compound or compound class.
The complex and homogenous nature of this material makes characterization studies
challenging.

CDOM absorbs ultraviolet and visible radiation and is highly photo

reactive. The purpose of this study is to investigate the optical properties of fractions
separated by reversed-phase high-performance liquid chromatography (HPLC) as well as
the simple fractionation that occurs during the concentration and extraction of CDOM by
C1s SEP-PAK.
The focus of this study is the characterization of CDOM in the Suwannee and
Manatee Rivers in western Florida. These rivers are a major source of CDOM to the
Eastern Gulf of Mexico, which is a river-dominated environment. HPLC fractions were
collected for the Suwannee River using reversed-phase HPLC and elution gradient.
CDOM optical properties vary greatly with chemical composition and source. Although
HPLC does allow for separation of organic material according to polarity, the complexity
of the material persisted.

Few major differences were identified among the HPLC

fractions of Suwannee River CDOM. However differences between rivers and the simple
fractions resulting from the concentration and extraction procedure indicate that further
HPLC study used in addition to other separation methods may provide insights into the
relationship between chemical and optical properties.
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The purpose of this project is to use field and lab techniques to collect and
~)Ypru!.fac;teJcize

colored dissolved organic matter (CDOM) of the Suwannee and Manatee

Rivers and investigate tbe optical properties of this riverine material. CDOM can ac;t as a
source for bacteria and provide shading for many organisms, including corals and
tbe organism which causes red tide, Karenia brevis. There is a need to understand the
properties and cycling of CDOM in tbe ocean in order to fully understand its distribution.
The study of CDOM can have implications in many fields of oceanography and can
provide information to better understand ocean circulation, water mass tracking and
estuarine mixing, biogeochemistry of carbon, ocean optics and remote sensing,
phytoplankton ecology, harmful algal bloom mitigation, and coral reef ecology (Coble,
2007).
By combining characterization techniques, multiple comparisons between DOM
of differing sources can be made. This study uses reversed-phase high-performance
liquid chromatography (HPLC) to separate a complex mixture of DOM into multicomponent fractions (Repeta 2004, Parlanti et al. 2002). The components contained in
each of tbe fractions share common polarity.
Absorption and fluorescence analysis were done on all resulting fractions and the
total sample.

The use of spectroscopic parameters, such as absorption coefficients,

spectral slopes, fluorescence intensity and ratios can aid in identifYing characteristics of
organic material and differences and/or similarities between rivers.
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¢ntific Relevance
The properties of colored dissolved organic matter (CDOM) in natural waters
been the studied for decades. This material absorbs ultraviolet and visible radiation,
',' is,hil!hlv photo reactive, and is a major factor governing light penetration in the coastal
Although the composition of CDOM has been studied, the material is still not
fully characterized due to the complexity of the material. CDOM is easily measured
from satellite imagery and interferes with remotely sensed determinations of chlorophyll.
,Jbe optical characteristics of chlorophyll are well known.

However, the optical

properties of CDOM vary considerably with composition, region, and season. This can
be particularly challenging in river-dominated regions, such as the West Florida Shelf,
where multiple CDOM-chlorophyll relationships have been established.
There is a need to understand the properties and cycling of CDOM in the ocean in
order to fully understand its distribution. Rivers are a major source of CDOM to the
coastal ocean, with material coming primarily from soils and the degradation of plant
material. Away from coastal areas in situ biological production is the major source of
CDOM. The focus of this study will be to characterize CDOM in the Suwannee and
Manatee Rivers in west Florida These rivers act as CDOM sources in the eastern Gulf of
Mexico, which is a river dominated environment.
The most recent CDOM review paper, published by Dr. Paula Coble in 2007 in
Chemical Review, was used for this background information and references therein.
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The Manatee and Suwannee Rivers were sampled from land using clean
echnique to avoid contamination. The Manatee River was sampled on December 28,
at the Rye Preserve, a public park in Manatee County. The sampling site was away
any tidal influence and the salinity measured by refractometer was 0.

lfi

The

<c; Suw'aru~ee River was sampled on March 9, 2008, at the wayside picnic area on US 19 in
Gilchrist County. The sample was collected from a dock at the

F~g

Spring State

Park. This site was also away from any tidal influence, with a salinity of 0 measured by
refractometer.
Glass amber bottles were used to collect and store the samples. The river samples
were stored on ice until filtered. Filtration was done within an hour of sample collection.
Samples only came into contact with glassware cleaned with deionized water and
methanol and evaporated to dryness. Samples were filtered through pre-combusted 0.45
. J.lll1 GF/F filters. Sample water from both rivers was bottled and stored in pre-combusted

amber bottles for fluorescence, absorption, and HPLC analysis.
Blank for this Study

Due to the unavailability and high cost of MilliQ deionized water, an alternative
clean water option was needed for the HPLC analysis, dilutions, and absorption and
fluorescence blanks.

Aquafina bottled water was chosen because of the extensive

filtration process this water is subject to prior to being bottled and sold. Absorption and
fluorescence analysis and comparison of MilliQ and Aquafina water indicated that the
use of Aquafina water is adequate for this study due to very low absorption and
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of the bottled water. To avoid contamination during storage, all Aquafina
were opened on the day of analysis, and any unused water was discarded.
;tration ofDissolved Organic Matter

concentration of DOM was done by solid phase extraction according to the
outlined in Amador et a!., 1990. Samples were acidified to a pH of 2.3-2.6 with
N.nu

prior to concentration. The initial pH of the Manatee sample was 7.55. The

of 12.0 mL of 0.3 N HCl to 1L of river water resulted in a pH of 2.41. The
pH of the Suwannee sample was 7.07. The addition of 4.0 mL of0.3 N HCl toIL
water resulted in a pH of 2.66.
Ct 8 SEP-PAK cartridges were used to concentrate the material. Cartridges were

~£J,~hre-cleaned with 5mL portions of 0.3mM HCl, methanol, and Aquafma water.

A lab

peristaltic pump was used to slowly pump sample through the cartridge. The tubing for
the pump was also cleaned with 10 mL potions of0.3mM HCl, methanol, and Aquafina
water. In order to ensure the pH range was maintained, the eluted water was monitored
during concentration of both samples using an Accumet pH meter.
A loss of fluorescent material during DOM concentration was expected, as it has
been observed in similar studies done by Parlanti et a!. (2002), Lombardi and Jardim
(1999), and Amador et a!. (1990).

In these studies, it has been reported that the

concentration and extraction procedure does result in a decrease in fluorescence intensity,
but not a shift in fluorescence wavelength maximum. The total material lost after DOM
concentration and extraction consists of the organics that are not retained by the cartridge
material and the organics that remain in the cartridge after extraction. The water eluted
from the SEP-PAK during concentration contains a hydrophilic component of the DOM.
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of this eluted water from the Manatee SEP-PAKs was saved and analyzed.
6r-concentration of the SEP-PAK used in the Suwannee analysis was suspected. A
~.!l'J1ion

of the eluted water was saved at the beginning, middle and near the end of the

).llcentration procedure. Amador et al. (1990) reports that hydrophilic DOM component

is responsible for 20% of the total fluorescence.

Parlanti et al. (2002) reported a loss of

;,;;6o% due to the hydrophilic DOM component.
Given that the samples analyzed were riverine in nature, and therefore contain
Jittl"

or no salt, no rinsing to remove salts was necessary. After passing acidified sample

through the cartridge, DOM was extracted by methanol and Aquafma water (85:15, v/v).
The Suwannee River sample was extracted by 25 mL of the solvent, evaporated under
nitrogen flow (Parlanti et al. 2002) and dissolved in 25 mL of Aquafina water. The
Manatee River sample was extracted by 15 mL of solvent, evaporated under nitrogen
flow and dissolved in 10 mL of Aquafina water.

The resulting solutions were used in

BPLC fractionation. The extracted samples were also analyzed for optical properties.
HPLC Study and Fractionation

The HPLC system used to analyze samples includes a Hitachi L6200 Intelligent
Pump, capable of rumJing three different solvents, and a McPherson FL-750 fluorescence
detector. A polymeric C 18 column was used instead of a traditional reverse phase column
in order to achieve more efficient separations (Parlanti et al. 2002). The polymeric
column used for the analysis is the Shodex ASHlPAK ODP-50 4E. The Shodex ODP
column can be used with water, methanol and acetonitrile as solvents. Greater efficiency
is generally achieved for acetonitrile aqueous solutions containing aromatic ring
compounds. The Shodex ASHlPAK ODP-50G 4A guard column was placed before the
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laJytical column in order to extend the life of the column. The guard column removes
· particles, contaminants, or sample components that may bind irreversibly to the
t~#ttionary phase

of the analytical column.

The McPherson FL-750 fluorescence detector utilizes filters instead of
The sample component fluorescence was measured at excitation 300
350 nm and emission wavelength greater than 418nm.
Multiple elution gradients were investigated during the project. Elution gradient
have been shown to improve resolution of complex mixtures of CDOM
components (Repeta, 2005).
acetonitrile.

The solvents used in the separation were water and

An elution gradient program that went from 100% water to 100%

acetonitrile in 30 minutes was used to investigate the material. Based on the preliminary
chromatograms, another gradient program was used to separate the extracted sample for
fraction collection. This gradient program went from 0% to 15% acetonitrile in fifteen
minutes and then continued to 50% acetonitrile in an additional five minutes.

The

solvent then remained isocratic at 50:50 water and acetonitrile until all components
eluded.
Certain portions of the eluted sample were sampled as fractions. Clean glassware
was used to manually collect ten different fractions of the eluted sample and solvent (A
through J). The collected liquid was then evaporated under nitrogen flow to remove any
acetonitrile. The resulting solutions from the chromatographic fractions were analyzed
by absorption and fluorescence spectroscopy. Fractions A, I and J contained very little
fluorescent material
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Absorbance spectra were obtained using a Hitachi U-3300 double-beam
§pectrophotometer with matching one and ten em quartz cells. Measurements with this
jnstrument are made between 200 and 750 mn, every 1 mn, with Aquafina water in the
reference cell. Samples were scanned three times and then averaged to reduce noise to
a more robust spectrum.

Data were corrected for scattering and baseline

fluctuations by subtracting from each wavelength the measured absorption at 700 mn.
Slopes and absorption coefficients were calculated for comparisons between analyzed
samples.

Fluorescence
High-resolution fluorescence spectroscopy was performed using a SPEX
Industries Fluoromax-II spectrofluorometer. River samples and fractions were diluted
prior to fluorescence analysis so that absorbance values are below 0.02 at 300 mn using a
1 em cell to avoid self-shading of the material.

Samples were analyzed between

excitations 220 and 455 mn (every 5mn) and between emissions 250 and 700 mn. Three
· dimensional excitation-emission matrices (EEMs) were generated, normalized, blank
subtracted using Aquafina water blank, corrected for instrument artifacts and converted to
quinine sulfate equivalents (QSE). Quinine sulfate standard solutions were made and
absorption and fluorescence spectra were collected for each standard.
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r.arison ofthe Suwannee and Manatee Rivers

The Suwannee and Manatee Rivers were chosen for this study because they have
differing optical properties in past studies (Conmy dissertation). The Suwannee
water sampled for this project has considerably higher concentrations of colored
iaterial than water sampled from the Manatee River. Figure I shows the absorption
for both river samples. The spectra of both rivers show an increase in absorption
'!i;; +J..o

shorter wavelengths with no discemable peaks.
Excitation emission matrix (EEM) spectroscopy provides information useful in
studies of CDOM.

Figure 2 shows the EEMs of both rivers.

The

Suwannee and Manatee River EEMs are similar and show characteristics indicative of
terrestrial material, including both humic, peaks A and C.
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Figure I: Absorption spectra ofSuwannee and Manatee River samples.
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Manatee River humic peak C occurs at excitation 315nm and emission
00 QSE). Peak A occurs at excitation 235nm and emission 436nm (195 QSE).

i1wannee

River sample shows humic peaks but they are both shifted to longer

wavelengths relative to the Manatee River peaks. Suwannee peak C occurs at
330nm and emission 449nm (290 QSE).

Suwannee peak A occurs at

230nm and emission 450nm (525 QSE).

The red-shifting seen in the

N3llllee River EEMs indicates fresher terrestrial organic material.

The Suwannee

EEM also shows an additional peak at excitation 225nm and emission 325nm,
may be protein-like but is not observed in the Manatee River sample EEM. The
samples may have differences in the chemistry and source of the material.
The intensities of both humic peaks are higher for the Suwannee sample than for
Manatee. Suwannee peak A is 2.5 times higher in fluorescence intensity than the
Manatee peak A. Suwannee peak C is three times higher in fluorescence intensity than
the Manatee peak C.
The ratio of peaks A to C is not the same for both rivers, 1.96 for the Manatee and
1.82 for the Suwannee. Both ratios are consistent with what is expected for terrestrial
material, however, higher ratios are often indicative of photo bleached material, due to
the removal of humic peak C during photobleaching.

The Manatee and Suwannee

samples were collected three months apart and their watersheds are very different. The
differences in the sources of the material as well as the sample collection date may
explain the differences in fluorescence properties, but changes in the material due to
different riverine environments must also be considered.
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Figure 2: Excitation Emission Matrices of the Suwannee and Manatee Rivers show humic
peaks A and C for both rivers. The Suwannee sample also shows a peak at excitation 225
nm.
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3 shows the HPLC chromatograms of directly injected Suwannee and
.• River samples. Both rivers share a large peak at the beginning of the elution
the most water soluble component which interacts with the analytical
very little. Each peak represents multiple components of similar polarity. The
•;•gradient used for these separations was used for the separation of the extracted

I
!

/'

Manatee River

25
20
15
Retention Time (Minutes)
Figure 3: HPLC chromatograms of A) the Suwannee River and B) the Manatee
River show a high content of hydrophilic organic material with peaks ofsimilar retention
times noted. Note the difference in scale.
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Simple Fraction Comparisons

A very simple fractionation of the riverine material occurs during the concetration
and extraction process. Some information can be gained from investigating the optical
12
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most water-soluble material which is not retained by the Cts SEP-PAK
material that is extracted. Figure 4 shows the visual difference in SEP-PAK color
{material has been loaded onto the SEP-PAK and after is has been extracted.

Loaded SEP-PAK
After extraction

l]i(t!eafl SEf>-PAK

is a visible difference in the color of the SEP-PAK after extraction due to
presence of CDOM components that remain. This fraction of material could not be
~tained for direct analysis but some information about this fraction can be obtained
subtracting fluorescence spectra.
Parlanti et al (2002) reported that approximately 30% of the total fluorescent
material passes directly through the Cts SEP-PAKs. This is consistent with what is seen
for the Manatee River sample, with 32-36% of the material unretained by the SEP-PAK.
It is possible that some of the material found in the unretained sample is due to
overloading of the filter.
The Suwaunee River sample contains much more fluorescent material; therefore
SEP-PAK overloading is more of an issue. During the preconcentration of the Suwaunee
River sample the eluding water was sampled at the very start of the process, after
approximately SOOmL of sample had passed through, and near the end of the lL
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The absorption spectra of the eluded water are shown with the total
River sample and the material extracted from the SEP-PAK (Figure 5).
From the absorption values, an estimated 23 to 60% of the material was not
by the SEP-PAK. This leads to uncertainties in any quantitative analysis of the
However, qualitative analyses of spectral shape are still reliable. Both the
rescence and absorption data show that only approximately 20% of the material was
by the SEP-PAK. This leaves 20 to 50% of the material on the C1s and not
~]:acted for

analysis.

EEMs of the unextracted CDOM fractions of both rivers were generated by
;\lbtracting the unretained and extracted EEMs from the total sample (Figure 6 and 9).
[:,poking at the EEMs for the Suwaunee River, humic peaks A and C can be seen in the
" extracted, unretained and unextracted material. This indicates that although each of these
Cfractions have very different water solubility, the bulk optical properties are similar.
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Figure 5: Absorption spectra of the total Suwannee River sample, the material extracted
from the C18 SEP-PAK, and the eluded sample at the beginning, middle and end of the
concentration process.
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Figure 6: EEMs of the Suwannee River total sample and the simple fractions resulting
from the Cl8 SEP-PAK concentration and extraction procedure. The unextracted sample
EEM was generated by the subtraction of the extracted and unretained EEMs from the
total sample EEM
The unretained material humic peak positions are blue-shifted relative to the total
sample. The maxima for peaks A and C occur at 440nm, nearly 1Onm shorter than the
maxima for the total sample humic peaks. The extracted material humic peaks are redshifted relative to the total sample (450nm). The maxima for peaks A and C occur at
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five run longer than that of the total sample. This effect can be more easily
)ntified by comparing the emission scan at excitation 300mu (Figure 7).
The blue shifted unretained fraction from the Suwannee River indicates that this
(liCUOn contains less of the fresh terrestrial material. The extracted material, which is
polar, contains fresher terrestrial organic compounds with more aromatic structure
higher molecular weight (Coble, 2007).
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Figure 7: The normalized emission scan at excitation 300nm shows the blue shifted
unretained material and the red shifted extracted material. The fluorescence has been
normalized to the value at 50lnmfor all three samples.
The Manatee River contains significantly less CDOM than the Suwannee River.
Overloading of the C 18 SEP-PAK is less likely although this cannot be determined
because the eluted water was only collected once, midway through the concentration
procedure. The absorption spectra of the total sample and the unretained and extracted
material are shown in Figure 8. Approximately 32-36% of the Manatee River material
was unretained by the SEP-P AK.

The SEP-PAK extracted 40-50% of the colored
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in the sample, which is much better than what was observed with the Suwannee

The Manatee River unretained humic peak positions are blue-shifted relative to
sample (Figure 9). The maxima for peaks A and C occur at 429nm. This is 7nm

than the maxima for the total sample peak A and 4nm shorter for peak C. The
peaks of the extracted material are red-shifted relative to the total sample. The
[l:tllxima for peaks A and C occur at 445nm. This is 12nm longer than the maxima for the
sample peak A and 9nm longer for peak C.

:~+----------------------------------------------

16~-------------~-----------------------------

8

~

6 \
4

'

~

\,,

2

~

1

-

-Manatee Total

~

------

-Manatee Unretained
Manatee Extracted

----_

--------

0
200

220

240

260

280

300

320

340 360 380
Wavelength {nm)

400

420

440

460

480

Figure 8: Absorption spectra of the total Manatee River sample, the material extracted
from the CJ8 SEP-PAK, and the material unretained by the concentration process.

Comparison of the emission scan at excitation 300nm shows the blue shifting of
the most water soluble component of the Manatee River, indicating that this material is
more degraded (Figure l 0). This red shifting of the extracted material indicates the fresh,
higher molecular weight organics included in this fraction.
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Figure 9: EEMs of the Suwannee River total sample and the simple fractions resulting
from the CIS SEP-PAK concentration and extraction procedure. The unextracted sample
EEM was generated by the subtraction of the extracted and unretained EEMs from the
total sample EEM

The humic peak maxima of the Manatee River sample occur at shorter
wavelengths than the humic peak maxima of the Suwannee River. Even the blue-shifted
unretained material of the Suwannee River has a maximum at a longer wavelength than
that of the total Manatee River sample. The unretained material from both rivers contains
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components. This unretained material is the most water soluble compounds
in both rivers. The severely blue-shifted maxima of the Manatee River unretained
indicates that this river contains more degraded organic material than the
!iwannee River. This could potentially be explained by the accumulation of degraded
material in Lake Manatee, which is upstream from the sample site.
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Figure 10: The normalized emission scan at excitation 300nm shows the blue shifted
unretained material and the red shifted extracted material. The fluorescence has been
normalized to the value at 475nmfor all three samples.

A significant portion of the degraded material may be highly water soluble, which
explains the blue shifting of this fraction of material. But there are likely other water
soluble components which are fresh high molecular weight terrestrial organic material as
well. The unretained fraction of material from the Suwannee River may contain more of
these fresh terrestrial compounds, as indicated by the red shift in the fluorescence
maxima.
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,Figure 11: Excitation scans of the total, extracted and unretained material of the (A)
, $tiwannee River and the (B) Manatee River sample. The excitation maxima of the humic
·peaks A and C remains the same, however, the minima between these peaks is different.

Like the unretained fractions, the extracted materials from the two rivers have
different fluorescence maxima but share polarity. Again, this indicates that although
these fractions may primarily contain fresh aromatic organic material, there is not a
separation of the fresh and degraded organic compounds based on water solubility alone.
Another important distinction that can be made between the extracted and
unretained sample EEMs is the resolution of the humic peaks A and C (Figure 6 and 9).
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?'Although the emission wavelength maxima of these peaks differ in the extracted and
iulretained fractions the excitation wavelength maxima are the same and also agree with
of the total samples for both rivers.

This can also be seen by comparing the

excitation scans (Figure 11 ). A comparison of the excitation scans show minima at
285nm for the unretained material and 295nm for the total material of both rivers. The
resolution of the peaks seems to be due to a separation of the components that contribute
to the humic peaks A and C.
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Figure 12: This chromatogram indicates the fractions collected for analysis.
through H contain most of the fluorescent material in the extracted sample.

Fractions B

HPLC Fractions

Fractions of DOM were collected from the extracted Suwannee River material
(Figure 12). The chromatogram of the extracted material looks very different from the
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injected Suwannee River (Figure 3). The chromatogram of the extracted material
that the less polar components of the CDOM pool were extracted more
dentlv than the polar components. The initial high intensity peak seen in the direct
chromatogram has been reduced and only a portion of these components were
for HPLC fractionation.
A thirty minute gradient elution was used to separate the material. However, the
jnajority of the material is more water soluble and eluded at a series of unresolved peaks
the beginning of the gradient. For fraction collection, the gradient was slowed for
beginning of the elution in order to resolve some of these peaks. The absorption and
~fluorescence data shown include fractions collected from five different injections of the

' Suwannee material.
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Figure 13: Absorption spectra of each of the Suwannee River HPLC fractions. There is
an increase in absorption in the shorter wavelengths with a peak at 210nm and a
decrease at 200nm.

The absorption spectra of the fractions show an increase in absorption at shorter
wavelengths with a maximum at 21 Onm and a decrease at 200nm for all fractions except
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This shape is different than what is observed for the total sample and the Manatee
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Figure 14: EEMs for all eight major HPLC fractions (A through H) and the unretained
fraction (U) from the SEP-PAK concentration show the presence of humic peaks A and C
for all fractions.

Lower spectral slopes are observed in freshwater environments while higher
slopes are observed in higher salinity waters. This change to higher slopes is due to both
the presence of marine humics and photobleaching (Coble 2007). For the slope range
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312nm, all of the Suwannee River fractions have slopes between 0.0125 and
except for the most non-polar fraction, fraction H. The spectral slope of fraction
7, indicating that this material may be degraded.
Figure 14 shows EEMs for all eight of the HPC fractions and the unretained
as well. Even with the level of separation due to polarity available with HPLC,

~.• complexity of the material persists. Each of the EEMs show both humic peaks A and
little shift in the peak maxima. Nearly all of the fractions have emissions maxima
.shorter wavelengths relative to the total sample. The humic peak A maximum for the
water soluble fraction, H, is slightly blue shifted relative to the total sample.
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Figure 15: Emission scans of the HPLC fractions show that all the fractions have nearly
the same fluorescence maxima with the exception of fraction H which is slightly blue
shifted.
The maximum excitation and emission wavelengths for the humic peaks A and C
vary little among the HPLC fractions. The emissions wavelengths for peaks A and C
ranges from 448nm to 458nm for all HPLC fractions. In addition to very little variability,
there are no trends in humic peak maxima values and retention times, indicating that the
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the CDOM by water solubility does not separate newer terrestrial material
of degradation.
blue shifting observed in fraction H is more easily identified when looking at
scans of the HPLC fractions (Figure 15). This seems to be the only fraction
not have the same optical properties as the rest of the extracted material.
H appears to contain more degraded material than the other HPLC fractions.
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Figure 16: There is a linear relationship between the fluorescence intensity at excitation
300nm emission 430nm and the absorption at 312nm. Fraction His indicated because
this fraction did not show the sample fluorescence to absorption relationship as well as
the other seven fractions.

Figure 16 shows the linear relationship of the fluorescence data at excitation
300nm emission 430nm with respect to absorption coefficient at 312nm. This linear fit
results in a slope of 20.422 and an

r' of 0.8461. The fluorescence data from all of the

fractions falls along this linear relationship extremely well, except for fraction H. If
fraction His excluded from the linear fit, the slope is 17.478 and ant' of 0.9888. There
may be a class of fluorophores that have been isolated by HPLC and are present in
Fraction H.
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The complexity of the organic material present in the Suwannee River created
challenges in characterization even with the combination of HPLC fractionation and
absorption and fluorescence spectroscopy.

Conclusions

The Suwannee and Manatee Rivers show differences in the spectral
characteristics of the total sample and the fractions resulting from the concentration and
extraction method. The Manatee River has spectral characteristics which indicate that the
dissolved organic material is older and contains more degraded terrestrial material than
that seen in the Suwannee River. The most water soluble fraction of the total CDOM
pool seems to contain more degraded material, leaving the more aromatic and high
molecular weight material in the less water soluble fraction.
Because the spectral characteristics of fractions of similar polarity taken from the
Suwannee and Manatee Rivers are not the same, polarity may not sufficiently separate
the degraded and fresh material for analysis. Furthermore, the spectral properties of the
HPLC fractions from the Suwannee River do not vary significantly.
HPLC separates compounds by their chemical characteristics and therefore each
fraction should contain related compounds. It is possible that similar aromatic ring
structures are present in each of the HPLC fractions.

The presence or absence of

functional groups may be the factor driving the changes in solubility. This is a possible
explanation of the lack of variability in spectral characteristics seen in the fractions.
The chemical characteristics of CDOM components vary with source and age.
Recent work with parallel factor analysis PARAFAC to look at changes in EEMs, has
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dentified specific components due to sampled endmembers in watersheds and coastal
(Stedmon and Markager, 2005).

Different components are humic-like and

protein-like and are susceptible to different types of degradation, such as microbial and
photodegradation by ultraviolet and/or visible radiation (Stedmon and Markager, 2005).
The component EEMs included in the PARAFAC analysis have significant differences in
spectral properties unlike the components isolated by HPLC.

The PARAFAC

components are also source specific which HPLC separation does not resolve.

Future Work
It is important that the CDOM and fluorescence community address the way in

which optical properties ofCDOM components separated by chemical characteristics and
components identified by PARAFAC modeling do not agree.

Because no single

PARAFAC component can be isolated and characterized by separation methods, studies
of natural systems that combine the techniques offered by chromatographic separations,
fluorescence characterization and PARAFAC analysis could provide information useful
in resolving these differences.
Separations of riverine and marine CDOM according to solubility and size and
subsequent EEM spectroscopy characterization and PARAFAC analysis could provide
information about what chemical characteristics are included in each component
identified by PARAFAC and also help determine how optical properties vary. Similar
studies involving analysis of microbial and photo degradation of CDOM could also
provide information about the chemical transformations that occur due to these processes.
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